1. Background {#s0005}
=============

Early infantile epileptic encephalopathy (EIEE), or Ohtahara Syndrome, is a devastating and highly refractory epilepsy syndrome seen with multiple seizure types with onset before 3 months of age [@bb0005], [@bb0010], [@bb0015], [@bb0020], [@bb0025], [@bb0030], [@bb2020]. Initial electroencephalography (EEG) shows a typical burst--suppression pattern. Many infants with EIEE die within the first 2 years of life, with an average life expectancy of 3 years. In addition to drug-resistant epilepsy, survivors are left with severe neurological deficits and motor impairments as they clinically evolve into West Syndrome (WS) and Lennox--Gastaut Syndrome (LGS).

Epidiolex, a pharmaceutical-grade cannabidiol (CBD) preparation derived from whole plant cannabis, received US Food and Drug Administration approval for the treatment of Dravet and Lennox--Gastaut Syndromes in 2018 \[[@bb0010], [@bb0015], [@bb0020], [@bb0025], [@bb0030]\]. In Japan, however, Epidiolex is unlikely to receive approval due to the presence of measurable traces of tetrahydrocannabinol (THC; the main psychoactive component of *C. sativa*). CBD derived from hemp-stalk, on the other hand, has no trace of THC and is therefore available in Japan. However, there is no experience or guidance on how to use these products in the medical literature. This report details the clinical course of a six-month-old child with EIEE, whose drug-resistant seizures responded to a hemp-stalk-derived CBD supplement.

2. Clinical report {#s0010}
==================

The present case was a six-month-old boy (previously 39 week delivery without complication, birth weight (3192 g, height: 51.0 cm, head circumference: 34.0 cm) noted during his initial exam to exhibit repeated episodes of tonic seizures with cyanosis each lasting 3 min. He was immediately admitted to the NICU following delivery. He had no family history of neuromuscular disease, seizures or dysmorphia, but he was unable to breast feed properly. Exam revealed symmetric pupil size, normal pupillary light reflexes and eye movements. Facial muscles were symmetric, and his arms and legs had normal muscle tone and tendon reflexes. Admission work up revealed WBC: 17,400/μL, CRP: 2.26 mg/L, normal blood amino acid content, lactate/pyruvate ratio, pipecolic acid, and pyridoxal 5′-phosphate levels. Chromosomal analysis revealed normal number and structure. Cranial CT was normal. MRI only showed a left frontal lobe venous malformation. EEG was performed on days 30 and 73 revealing a burst--suppression pattern during awake and sleep ([Fig. 1a](#f0005){ref-type="fig"}). The boy\'s parents did not approve detailed genetic or metabolic testing following the MRI, but based on his clinical course, symptoms, and EEG, we diagnosed the boy with EIEE.Fig. 1aSleep EEG (day 30): Burst--suppression pattern with 3--4 s of suppression between bursts of high amplitude slow wave with multi-focal spikes.Fig. 1a

2.1. Anti-seizure drug treatment course {#s0015}
---------------------------------------

Intravenous phenobarbital (PB) was initiated on Day 0. Zonisamide (ZNS) was added to his drug regimen on Day 4, and vitamin B6 on Day 8, yet he continued to suffer frequent tonic seizures. Tapering off PB, discontinuing vitamin B6, and gradually increasing ZNS were also ineffective. Next, clobazam (CLB), levetiracetam (LEV), and phenytoin (PHT) were added in sequence to the regimen, taken in combination with ZNS. However, each antiseizure drug was discontinued after failing to control seizures ([Fig. 2a](#f0015){ref-type="fig"}). He restarted high dose PB on Day 39 and tapered off ZNS while sodium valproate (VPA) and topiramate (TPM) were introduced. Sadly, these also failed to achieve effective seizure control. On Day 84, while on PB + TPM, the boy began to exhibit infantile spasms and EEG began to transition into hypsarrhythmia ([Fig. 1b](#f0010){ref-type="fig"} shows EEG correlate of spasm only). The spasms showed signs of abatement after starting ACTH therapy (0.025 mg/kg/alternate-days × 9 courses), but not the tonic seizures. Lamotrigine (LTG) was added to his PB regimen on Day 118, and sodium bromide (Br) on Day 120. The boy was discharged home the same day ([Fig. 2b](#f0020){ref-type="fig"}).Fig. 1bEEG during an attack (day 30): brief generalized spikes were recorded. Epileptic spasms were recorded on video synchronous with the high amplitude slow waves with overriding fast activity.Fig. 1bFig. 2aSeizure chart (Day 0--30).Vertical axis: number of generalized seizures per day. Horizontal axis: Age (day).PB: phenobarbital, MDZ: midazolam, DZP: diazepam, ZNS: zonisamide, VitB6: vitamin B6, CLB: clobazam, LEV: levetiracetam, PHT: phenytoin.Fig. 2aFig. 2bSeizure chart (Day 30--120).Vertical axis: number of generalized seizures per day. Horizontal axis: Age (day).PB: phenobarbital, ZNS: zonisamide, PHT: phenytoin, VPA: sodium valproate, TPM: topiramate, ACTH: adrenocorticotropic hormone, LTG: lamotrigine, Br: potassium bromide.Fig. 2bFig. 3Seizure event diary around CBD initiation.The patient started taking CBD paste (50 mg/day) noted at first white line and increased to CBD tincture (150 mg/day) noted at second white line. Hash marks are individual tonic seizures observed by parents. Daily count summarized in the column to the far right of the day number.Fig. 3Fig. 4Seizure chart after discharge (Day 121--460).Vertical axis: number of generalized seizures per day. Horizontal axis: Age (day).PB: phenobarbital, LTG: lamotrigine, Br: potassium bromide, CBD: cannabidiol.Fig. 4Fig. 5Sleeping EEG (Day 326). Background rhythms improved compared with [Fig. 1a](#f0005){ref-type="fig"}, [Fig. 1b](#f0010){ref-type="fig"}.Fig. 5

He continued to have seizures at home and was taken off Br on Day 186. At his parents\' request, an oral CBD paste supplement was added to his regimen on day 207 (HempMeds® 380 mg/1000 mg), at a dosage of 6 mg/kg/d divided twice daily begun without titration. The parents sought epilepsy consultation (Y.M.) on day 211, who advised them to modify the treatment to reflect typical Epidolex® Greenwich Biosciences, Inc., Carlsbad, CA dosing and switched compounds to a CBD tincture on day 219 (Hemptouch® 1500 mg/10 mL). This medication was switched without titration to an increased oral dosage of 18 mg/kg/d divided twice daily, based on Epidolex recommended target dosing between 10 and 20 mg/kg/d. Thereafter, his tonic seizures reduced in frequency, and were completely eliminated by day 234 ([Fig. 3](#f0025){ref-type="fig"}). He was gradually tapered off LTG and then PB, switching completely to CBD monotherapy on day 493. The boy\'s parents have observed no clear recurrence of tonic seizures to date, nearly 11 months after he began taking CBD ([Fig. 4](#f0030){ref-type="fig"}). Background EEG patterns in a recording made on day 326 showed clear improvements over the previous time ([Fig. 5](#f0035){ref-type="fig"}). No significant side effects were reported.

At last exam, the child has severe developmental delays, poor head control, and requires full assistance to manage oral nutrition.

3. Discussion/conclusion {#s0020}
========================

The natural history of EIEE does not usually exhibit seizure remission so abruptly or so early in its course. We feel this experience is significant to report for several reasons.

There is convincing evidence that this child\'s remission was due to the high-dose CBD introduced on day 219, because prior to this transition, he had received multiple antiseizure medications as a standard of care without any clear effect. In the 12 days preceding addition of the CBD paste, the boy averaged 32 tonic seizures per day (see [Fig. 3](#f0025){ref-type="fig"}). In the 11 days prior to transition to high dose CBD tincture, his tonic seizure count had already improved to 12 per day. And in the 7 days after high dose CBD had started, he only logged 2 tonic seizures. While observer bias is certainly a concern in this case, the tapering of his concomitant antiepileptic drugs, with preserved tonic seizure remission, remains compelling.

Furthermore, this report is novel because we believe it is the only report in the medical literature of CBD used for this diagnosis and in a child of this age. In addition, for countries such as Japan in which Epidiolex is prohibited because of its THC content, this report may offer guidance to other physicians and providers caring for drug-resistant epilepsy patients.
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